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ABSTRACT
To study how the environment can influence the relation between stellar mass and effec-
tive radius of nearby galaxies (z < 0.12), we use a mass-complete sample extracted from
the NYU-Value Added Catalogue. This sample contains almost 232000 objects with mas-
ses up to 3 × 1011M⊙. For every galaxy in our sample, we explore the surrounding density
within 2 Mpc using two different estimators of the environment. We find that galaxies are
slightly larger in the field than in high-density regions. This effect is more pronounced for
late-type morphologies (∼ 7.5% larger) and especially at low masses (M∗ < 2 × 1010M⊙),
although it is also measurable in early-type galaxies (∼ 3.5% larger). The environment also
leaves a subtle imprint in the scatter of the stellar mass-size relation. This scatter is larger in
low-density regions than in high-density regions for both morphologies, on average ∼ 3.5%
larger for early-type and ∼ 0.8% for late-type galaxies. Late-type galaxies with low masses
(M∗ < 2 × 1010M⊙) show the largest differences in the scatter among environments. The
scatter is ∼ 20% larger in the field than in clusters for these low-mass objects. Our analy-
sis suggest that galaxies in clusters form earlier than those in the field. In addition, cluster
galaxies seem to be originated from a more homogeneous family of progenitors.
Key words: galaxies: evolution–galaxies: formation–galaxies: statistic–galaxies: structure–
galaxies: fundamental parameters–galaxies: general
1 INTRODUCTION
The present-day stellar mass-size relation of galaxies hold in-
formation of the assembly history of galaxies across the cosmic
time. Both the average size of the galaxies at a given stellar mass
as well as the scatter of the relation are expected to reflect the evo-
lutionary paths followed by the galaxies after their formation. The-
se evolutionary tracks are considered to be different depending on
the environment the galaxies inhabit. In fact, halos are expected to
evolve fast and early in the highest density region of the Univer-
se whereas in low-density environments this evolution is thought
to be quieter (Sheth & Tormen 2004; Gao, Springel & White 2005;
Harker et al. 2006; Maulbetsch et al. 2007)
Analysis of the luminosity-size and the stellar mass-size re-
lations of high-z galaxies in the last 20 years (e.g. Schade et al.
1996; Lilly et al. 1998; Simard et al. 1999; Ravindranath et al.
2004; Trujillo & Aguerri 2004; McIntosh et al. 2005; Barden et al.
2005; Trujillo et al. 2004, 2006; van der Wel et al. 2014) has shown
that both late and early-type galaxies were more compact at a
given mass or luminosity in the past. The size evolution is mo-
re dramatic for the early-type population than for the spiral-like
∗ E-mail: mcebrian@iac.es
galaxies (see e.g. Trujillo et al. 2007; Buitrago et al. 2008). All
these works, in combination with the decline in the number of
compact galaxies in the nearby Universe (see Trujillo et al. 2009;
Taylor et al. 2010; Cassata et al. 2011, 2013; Newman et al. 2012;
Szomoru, Franx & van Dokkum 2012; Buitrago et al. 2013) prove
that galaxies have undergone a significant size evolution with cos-
mic time.
Although the general evolution of the stellar mass-size rela-
tion with cosmic time (z . 3) is starting to be well understood (e.g.
Stringer et al. 2013), making sense of how the environment has af-
fected the evolution of the stellar mass-size relation is by far less
clear. For instance, at intermediate to high redshift (0.5 < z <
2), Cooper et al. (2012); Papovich et al. (2012) and Delaye et al.
(2013) find that elliptical galaxies have larger sizes when belon-
ging to groups or clusters. However, works by Rettura et al. (2010)
and Huertas-Company et al. (2013a) showed no difference in a si-
milar range of masses and redshifts. Moreover, even the opposite
result has been found by Raichoor et al. (2012). Exploring early-
type galaxies in clusters at z=1.3, they found that these objects are
more compact in clusters than in the field. An interesting result by
Lani et al. (2013) reported that although early-type galaxies are lar-
ger when residing in dense environments at z > 1, this trend seems
c© 2013 RAS
2 Marı´a Cebria´n and Ignacio Trujillo
to be weakened as we come closer to the present-day Universe (z
< 1).
In the nearby Universe, the effect of the environment
in the stellar mass-size relation of the galaxies is also not
clear. In the case of early-type galaxies, Maltby et al. (2010),
Huertas-Company et al. (2013b) and Cappellari (2013) found no
size difference between those objects with the same mass in dif-
ferent environments. However, Poggianti et al. (2013) found that
elliptical galaxies are more compact in clusters than in the field.
For spiral galaxies, Maltby et al. (2010) report a slight trend for
low/intermediate mass (109M⊙ < M∗ < 1010M⊙) spirals to be
larger in the field than in groups. Ferna´ndez Lorenzo et al. (2013)
using the AMIGA sample detected that massive (M∗ > 1010M⊙)
isolated spirals are 20% larger than those located in dense environ-
ments, however, no size differences were reported for lower mass
spirals.
Both in the nearby Universe as well as in the high-z galaxies,
the discrepancies found in the literature can be explained by the re-
latively modest sample of galaxies analysed, typically on the order
of few thousands of galaxies or less, with the largest sample being
that used in the work of Huertas-Company et al. (2013b) which in-
cludes ∼ 12000 galaxies. One of the aims of this paper is to re-
analyse this situation by exploring the stellar mass-size relation of
both early and late-type galaxies using the large collection of da-
ta available in the NYU-VAGC Catalogue (Blanton et al. 2005b).
This huge dataset allows the sizes of the galaxies to be analysed at
a fixed stellar mass with an unprecedented quality from the statis-
tical point of view. In fact, the number of galaxies we use in this
work is a factor ∼ 50 larger compared to Maltby et al. (2010) and
Ferna´ndez Lorenzo et al. (2013).
In addition to the average size of galaxies at a given stellar
mass depending on the environment, another quantity that deserves
attention is the scatter of this relation. It is worth noting that the
measured scatter found in the Fundamental Plane and other sca-
ling relations (Nipoti et al. 2009; Nair, van den Bergh & Abraham
2011; Bezanson et al. 2013) is much lower than the one pre-
dicted theoretically (Nipoti, Londrillo & Ciotti 2003; Nipoti et al.
2009, 2012; Ciotti, Lanzoni & Volonteri 2007; Shankar et al. 2010,
2013). The large scatter in the theoretical works are the consequen-
ce of the intrinsic stochastic nature of the merging processes. For
this reason, only models with very fine-tuned input conditions on
the progenitors are able to reproduce the low dispersion values ob-
served in the stellar mass-size distribution. Despite the enormous
interest of measuring this quantity, little effort has been made ob-
servationally in this direction. To the best of our knowledge, using
Sloan Digital Sky Survey (SDSS) data, only Shen et al. (2003) ha-
ve quantified this dispersion segregating the galaxies according to
their morphology in the stellar mass-size plane. However, no at-
tempt has been made measure the scatter segregating the galaxies
according to their environment. This is understandable again due
to the modest size of the samples used to explore the effect of the
environment both at low and high-z. As we will show through this
paper, the environment only marginally affects the scatter of the
stellar mass-size relation and, consequently, the use of large data-
sets is necessary to identify the role played by the environment in
shaping the stellar mass-size plane.
This paper is organized as follows: Section 2 contains a des-
cription of the data used in this work; Section 3 describes the diffe-
rent definitions of environment and the sample selection; Section 4
is dedicated to study the stellar mass-size plane. Finally, our results
are shown in Section 5 and discussed in Section 6. A summary can
be found in Section 7. Throughout the paper a standard ΛCDM
Figure 1. Projected distribution of the galaxies in the NYU-VAGC catalo-
gue used in this work. The red-dashed lines indicate the limits of the area
surveyed to estimate the environmental densities.
cosmology is adopted: ΩM = 0.3, ΩΛ = 0.7 and H0 = 70 km
s−1Mpc−1.
2 DATA AND SAMPLE SELECTION
Our data is entirely drawn from the publicly available NYU
Value-Added Galaxy Catalogue (Blanton et al. 2005b) based on the
SDSS-DR7 (Abazajian et al. 2009). This catalogue contains around
2.5×106 objects with spectroscopic redshift determination, mostly
below z ∼ 0.25. Besides photometric and spectroscopic informa-
tion extracted from SDSS-DR7, the NYU-VAGC catalogue also
provides structural parameters, K-corrections and stellar mass es-
timates (Blanton & Roweis 2007) derived using a Chabrier (2003)
Initial Mass Function (IMF) with population synthesis model from
Bruzual & Charlot (2003).
In this work, to minimize potential biases due to the size
evolution of the galaxies with redshift (e.g. Trujillo et al. 2007;
Buitrago et al. 2008) we restrict our redshift range to z = 0.005 −
0.12, which is equivalent to a cosmic time interval of only 1.5 Gyr.
We have explored whether there is any significant size evolution
within this redshift range. To do that, we have divided our sample
in two redshift bins (0.005 < z < 0.076 and 0.076 < z < 0.12)
and computed the mean sizes within each of these bins. There is
not size difference between these two intervals.
The SDSS-DR7 catalogue has irregular limits (see Figure 1).
At the edges of the survey there is a potential bias affecting the
definition of environment when the surrounding objects are used
as an indicator of the galaxy density. This could create artificially
low-density regions. To simplify the treatment of this problem, a
volume trimming following Varela et al. (2012) is carried out by
limiting the projected area as follows.
Southern limit: δ > 0o
Western limit: δ > −2.555556(α − 131o)
Eastern limit: δ > 1.70909(α − 235o)
Northern limit: δ < arcsin[ 0.93232 sin(α−95.9
o)√
1−[0.93232 cos(α−95.9o)]2
]
c© 2013 RAS, MNRAS 000, 1–17
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2.1 Stellar mass completeness of the sample
In order to properly analyse the stellar mass-size relation in
different environments, we need to select a mass-complete sam-
ple. The NYU-VAGC catalogue is spectroscopically complete (∼
99%) up to r ∼ 17.7 magnitude (Strauss et al. 2002). This flux cut
in the r-band introduces a bias in the stellar mass distribution of
the galaxies that needs to be addressed before exploring the stellar
mass-size distribution. In particular, this effect must be corrected to
avoid our sample being biased towards young galaxies, especially
at lower masses.
To illustrate how the r-band magnitude limit affects the stellar
mass distribution of our galaxies, we show in Figure 2 the distribu-
tion of mass in the redshift range 0.07 < z < 0.08. Starting from
the higher mass bins, the number of galaxies increases as we move
towards the lower masses until a peak in the histogram is reached.
At this point, galaxies with masses below that peak start to be un-
detected and the sample becomes incomplete. Consequently, we
identify the mass where the peak of this histogram is reached as the
mass completeness limit. As it depends on the redshift range, we
divide our sample in several redshift bins and study the correspon-
ding histogram for each of them, obtaining the completeness limits
showed in Figure 3. The black squares are the stellar mass above
which the sample is mass complete and the horizontal error bars
represents the redshift bin width. At the high redshift limit of our
sample (z = 0.12), the corresponding mass limit is 4× 1010M⊙.
Once we have determined the stellar mass limit for different
redshift bins, we can fit the mass completeness limit using an analy-
tical expression with the form:
log
[
M∗(z)/M⊙
]
= 0.4 (−Mr(z) + 2.5 log(M/L)r,limit +Msun,r)
(1)
where M∗(z) is the stellar mass limit as a function of the reds-
hift in solar masses, (M/L)r,limit is a free parameter of the fit, co-
rresponding to the mass-to-light ratio in the r-band at the complete-
ness mass limit,Msun,r is the absolute magnitude of the sun also in
the r-band equal to 4.68 mag and Mr(z) = r− 5 log(DL(z)) + 5
is the absolute magnitude limit of the survey as a function of the
redshift, corresponding to r = 17.7 magnitudes. DL(z) repre-
sents the luminosity distance in pc for an object at redshift z. The
fit is shown in Figure 3. The fitting of our experimental mass li-
mits gives us a value for the mass-to-light in the r-band ratio of
(M/L)r,limit = 2.059. This value of the mass-to-light ratio co-
rresponds to a population of 5.6 Gyr, according to the MIUSCAT
SEDs developed by Vazdekis et al. (2012) and Ricciardelli et al.
(2012) with a Kroupa (2001) IMF and solar metallicity. The results
of this analysis show that, even selecting the peak of the mass distri-
bution at each redshift, it is likely that some very old and metal-rich
galaxies could be missed from our sample. In order to test whether
our results could be affected by this potential incompleteness, we
have conducted the full analysis of our work using a more conser-
vative mass-to-light ratio of (M/L)r,limit = 4, i.e. an age of 12.5
Gyr. That corresponds to stellar mass limit of 7.5 × 1010M⊙ at
z = 0.12. Our tests show that using this very conservative mass
limit do not change our results while our sample of galaxies would
be considerably reduced and henceforth our errors increased. Con-
sequently, in what follows we use the stellar mass limit determined
using Equation 1 and equivalent to (M/L)r,limit = 2.059.
The effect of the age on the completeness of the stellar mass
is well illustrated in Figure 3. Young (blue) galaxies are brighter
than old (red) galaxies of the same stellar mass. Consequently, they
Figure 2. Stellar mass histogram for galaxies in our sample with redshift
0.07 < z < 0.08. The number of detected objects increases as we move to-
wards lower stellar masses until the maximum of the histogram is reached.
At this point, although the number of galaxies should keep growing, less
massive objects start to be missed because of the r-band spectroscopic mag-
nitude limit (r ∼ 17.7) from SDSS-DR7.
are overrepresented when the samples are drawn from an apparent
magnitude limit (in this case in the r-band). This shows the im-
portance of selecting a truly mass complete sample. To illustrate
this point and assure that our criteria for completeness also account
for the colour, Figure 3 shows galaxies in the stellar mass-redshift
plane, segregating each galaxy according to its g-r colour. This se-
gregation shows that, at a given redshift, the galaxies with the lower
stellar masses are only blue, whereas for stellar masses above the
completeness limit we have the two populations of galaxies.
After this consideration, our mass-complete sample contains
231905 objects. Our final sample is shown in Figure 4.
2.2 Size and morphology determination
To construct the stellar mass-size distribution of our sample, a
reliable measure of the size of each galaxy is crucial. The sizes of
the galaxies as well as the shape of their surface brightness distribu-
tions are provided by the NYU-VAGC catalogue. These parameters
were determined using a Se´rsic (1968) fit to the radial intensity pro-
file obtained using circular apertures (Blanton et al. 2005a):
I(r) = I(0)exp[−bn(R/Re)1/n] (2)
I(0) is the central intensity, n is the Se´rsic index and
bn is a function of n such as Re is the effective radius.
The Se´rsic index correlates with the morphology of the galaxy
(Andredakis, Peletier & Balcells 1995): objects with n < 2.5 are
mostly discy, while those with n > 2.5 are bulge-dominated or sp-
heroids (Ravindranath et al. 2004). We take advantage of this phe-
nomenon to separate our sample into galaxies with different morp-
hologies (n > 2.5 and n < 2.5) and probe the effect of the en-
c© 2013 RAS, MNRAS 000, 1–17
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Figure 3. Stellar mass and redshift distribution of the NYU-VAGC catalo-
gue used in this work. Different dot colours represent different g-r colours
for the galaxies as stated in the legend. Black solid squares indicate the
completeness mass limit based on the peak of the stellar mass histogram at
each redshift (see Figure 2). The black line is the fit to the completeness
mass limit as explained in the text.
vironment in each subgroup. In this work, we use the circularized
effective radius Re as a measurement of the size of the galaxy.
3 CHARACTERIZING THE ENVIRONMENT OF THE
GALAXIES
In this paper we study the stellar mass-size relation in diffe-
rent large scale (∼ 2 Mpc) environments. We use two different
approaches to define whether the galaxies reside in a high-density
or a low-density region. Our first estimation of the environment is
computed using the stellar mass surrounding each object within a
physical radius. For our second estimator of the environment, we
use several catalogues of galaxy clusters. Galaxies in these clusters
are compared with galaxies in the field. In this section, we detail
how these different density indicators are obtained.
3.1 First environment characterization: galaxy number
density
Different methods for measuring the environment of galaxies
are used in the literature. These methods can be divided in two main
groups: estimators based on the number of neighbours within an
aperture of a fixed radius and estimators based on the distance to
the n-th nearest neighbour. Cooper et al. (2005) investigated the ef-
fects of survey edges, redshift-space distortions (the ’finger of God’
effect) and other effects on mock catalogues among different envi-
ronmental estimators, finding that fixed aperture methods are more
robust to the previously mentioned effects while providing a di-
rect density measure. Despite its advantages, this method present
two drawbacks that have to be taken into account: the sensitivity
in low-density environments and the fact that is a quantized mea-
surement. Other studies as those of Haas, Schaye & Jeeson-Daniel
(2012) and Muldrew et al. (2012) also support fixed aperture met-
hods as a useful tool to define the surrounding density of a galaxy.
In particular, Haas, Schaye & Jeeson-Daniel (2012) found that the
optimal radii for this kind of method is ∼ 2 Mpc.
With these studies in mind, we use a fixed aperture method
Figure 4. The redshift-mass plane of the stellar mass-complete galaxies in
the NYU-VAGC catalogue. The solid orange line shows the mass comple-
teness line of the sample. The vertical and horizontal blue lines indicate the
redshift and the mass limit used to explore the density of different environ-
ments. In order to lighten the plot, the density of objects is represented as a
shaded surface instead of using individual points.
to make our first measurement of the environmental density. The
characterization of the environmental density is done as follows.
For each galaxy in our stellar mass-complete sample, we explore
what is the number and total mass of the surrounding galaxies in
a sphere of 2 Mpc radius, centred on our targeted galaxy. Note,
however, that not all the surrounding galaxies can be used to make
an estimation of the environmental density around our galaxies. In
fact, to conduct an homogeneous description of the environment
along our whole sample, only galaxies with M∗ > 4 × 1010M⊙
are considered to estimate the density (see Figure 4). This mass
limit corresponds to the mass limit of our sample at z = 0.12.
To define the sphere and the position of each object in the
survey, we use cartesian coordinates defined by the set of Equations
3, where α is the Right Ascension of the galaxy, δ its Declination,
z its redshift and D(z) is the co-moving radial distance:
X = D(z) cos δ cosα
Y = D(z) cos δ sinα
Z = D(z) sin δ
(3)
Our density ρ for each galaxy is hence defined as:
ρi =
1
4
3
piR3
N∑
k
Mi,k (4)
where Mi,k is the stellar mass of the k-th neighbour with
M∗ > 4× 1010M⊙ located at a radial distance less than 2 Mpc to
the i-the galaxy in our sample. In the above equation R = 2 Mpc.
Figure 5 represents the distribution of the environmental den-
sity for the galaxies in our sample. The gap between the bin at
ρ = 0 and the first at ρ ∼ 0.12 reflects the discretization of our
estimator, as previously mentioned: the minimum non-zero value
ρ can take is that corresponding to one companion with a mass
of 4 × 1010M⊙. To check if our density estimator truly segre-
gates the different large-scale structures, we computed the same
number ρ for galaxies in our catalogue located in Abell clusters
(Abell, Corwin & Olowin 1989). When we compare their values
c© 2013 RAS, MNRAS 000, 1–17
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Figure 5. Distribution of the environmental density of our galaxies using
our criteria defined in section 3.1. To make sense of our numbers the colou-
red regions indicates the typical density values of galaxies located in Abell
clusters of different richness.
with the histogram in Figure 5, it is clear that objects belonging
to clusters are in the highest-density regions of the histogram.
To assess the effect of the environment on the stellar mass-size
distribution we have considered the galaxies in the two most extre-
me ends of Figure 5. Galaxies in the top 10% (i.e. ρ > 0.76) of the
distribution are considered to be located in high-density regions,
whereas galaxies in the bottom 10% reside in low-density regions.
Since more than 10% of the main sample have ρ = 0, the bottom
10% have been randomly taken from all the galaxies in our sample
with ρ = 0 (first density bin of the distribution on Figure 5).
Several tests have been run changing the aperture R used in
the search and the percentage (i.e. the value of ρ) defining each en-
vironment. As we will show later, these tests show that these chan-
ges do not severely affect the final result. The present definition pro-
vides a compromise between exploring extreme environments and
getting a statistically significant representation for each of them.
3.2 Second environment characterization: Cluster galaxies
vs. field galaxies
Galaxy clusters are the highest-density large-scale struc-
tures in the Universe. Consequently, another way to com-
pare galaxies in different environments is by selecting gala-
xies residing in galaxy clusters and confronting them with
field galaxies (those outside these cluster environments). In or-
der to do that, we compile a large sample of galaxy clus-
ters in our explored volume using different catalogues: the
Abell catalogue (Abell, Corwin & Olowin 1989), a catalogue ex-
tracted from SDSS-DR6 (Szabo et al. 2011), three catalogues
from SDSS III (Einasto et al. 2012; Tempel, Tago & Liivama¨gi
2012; Wen, Han & Liu 2012), the GMBCG cluster catalogue
(Hao et al. 2010) and the XMMi-SDSS galaxy cluster survey
(Takey, Schwope & Lamer 2011). A total of 1877 galaxy clusters
are used in this work, containing more than 12600 galaxies within
our stellar mass-complete subsample.
Similarly to the previous estimator, a sphere of 2 Mpc radius
is defined around the centre of each cluster using cartesian coor-
dinates as in section 3.1. Thus, every galaxy inside this sphere is
considered a cluster galaxy and the rest of the sample form the
field sample. To avoid duplicates due to overlapping, if a galaxy is
selected as belonging to two different clusters, the object is only
assigned to the nearest cluster.
4 SIZE AND SCATTER OF THE STELLAR MASS-SIZE
DISTRIBUTION
The size distribution of the galaxies at a fixed stellar mass fo-
llows a log-normal distribution (e.g. Shen et al. 2003) given by:
f(R,R(M), σlnR(M)) =
1√
2piσlnR(M)R
exp
{
− ln
2[R/R(M)]
2σ2lnR(M)
}
(5)
where R(M) is the mean of the distribution and provides us
with the typical size for a galaxy given its mass, while σlnR(M)
is the dispersion of the distribution and indicates how concentra-
ted are the objects around the typical radius value. In our work, we
assume that the same expression used in Equation 5 is valid for des-
cribing the size distribution of galaxies in different environments.
Consequently, we will explore whether the parameters that charac-
terize the size distributions are different depending on where the
galaxies reside.
4.1 Parameters estimation: Maximum likelihood method
In order to accurately estimate the parameters R(M) and
σlnR(M), we use a maximum likelihood method. To implement
this method, we consider a sample of n galaxies within a mass ran-
ge and compute the likelihood for each possible value of R(M)
and σlnR(M) as follows:
L(R(M), σlnR) =
n∏
i=0
1√
2piσlnRRi
exp
{
− ln
2[Ri/R(M)]
2σ2lnR
}
(6)
where Ri represents the size of each of the n galaxies in the
sample. The above expression is more easily computed if loga-
rithms are taken on both sides, turning the product into a sum:
ln
[L(R(M), σlnR)] =
n∑
i=0
(
ln
[
1√
2piσlnRRi
]
− ln
2[Ri/R(M)]
2σ2lnR
)
(7)
The best estimates for the parameters (R(M), σlnR(M)) will
be those producing the maximum value of L. The maximum like-
lihood estimation is implemented here using an iterative grid search
in the parameter space, obtaining the most likely values for our pa-
rameters given our distribution. With this method, we also obtain
their 1σ-errors, computed as the contour including 68.2% of the
normalized likelihood in the grid.
4.2 Mean size and dispersion as a function of the
environmental density ρ
To study how the galaxies are distributed in the stellar mass-
size plane, we segregate them by their morphology (estimated using
the Se´rsic index as pointed in section 2.2): objects with n > 2.5 are
c© 2013 RAS, MNRAS 000, 1–17
6 Marı´a Cebria´n and Ignacio Trujillo
Figure 6. The stellar mass-size relation and their differences for different environments and morphologies. Upper panels show the overall distributions for
discy and spheroid-like objects as a shaded surface. Over-plotted in those distributions are the mean size of the galaxies in the 10% lowest density (blue
filled circles) and the 10% highest density regions (red filled triangles). Lower panels show the ratio between the mean sizes in the most underdense and
overdense samples (error bars representing 1σ-errors). The green dashed line is a fit to all the distribution of points and indicates the robust mean1 with 1-σ
error represented as green shadowed area.
considered spheroidal while objects with n < 2.5 are mostly disc-
like galaxies.
Having the galaxies separated according to their morphology,
we apply the maximum likelihood estimation to obtain the most li-
kely values for the mean size and the scatter of the distribution. In
order to do that, we divide each morphological and environmental
sample in different mass bins. The width of each mass bin is taken
so that each mass bin contains the same number of galaxies from
the main sample. For each bin of stellar mass we use the maxi-
mum likelihood method to estimate both the more likely mean size
R(M), dispersion σlnR(M) and their 1σ-errors.
Figure 6 represents the mean size estimation for the different
morphologies and environments. In the lower panels of Figure 6,
we show the ratio between R(M) for the 10% most underden-
se and 10% most overdense regions, both for late (n < 2.5) and
early-type (n > 2.5) galaxies. Late-type galaxies (left panels in Fi-
gure 6) with intermediate masses M∗ < 2 × 1010M⊙ show the
largest difference among environments, being larger when they re-
side in low-density regions. On average, late-type galaxies in low-
density environments are 6 ± 1% larger than those in the highest
density regions. Regarding early-type galaxies (right panels in Fi-
gure 6), they present also a difference of size with the environ-
ment, although this is less prominent than for the late-type case:
1.1± 0.6%.
In addition to the mean sizes, we analyse the dispersion of
the distribution in different environments. Our results are shown in
Figure 7. The most remarkable finding is that for early-type gala-
xies the scatter in the distribution of sizes is 4 ± 1% larger in the
underdense region compared to overdense zones. For late-type ga-
laxies there is no mean difference among the environments (i.e. a
mean difference of 1 ± 2% when the full population is conside-
red). However, it seems that there is a trend towards larger scatter
of the sizes in the low mass (M∗ < 1010M⊙) regime of galaxies
in underdense regions and the opposite behaviour at larger masses
(M∗ > 1010M⊙). These differences could be as high as 20%,
depending on the exact bin mass.
We summarize our results of this section in Tables A1 and
A2. As previously explained, the 1-σ errors were obtained as the
contour in the parameter space which contains 68.2% of the nor-
malized likelihood.
1 The robust mean provides a measure of the mean trimming away outliers
in the distributions. In this work, the IDL routine RESISTANT MEAN.PRO is
c© 2013 RAS, MNRAS 000, 1–17
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Figure 7. Upper panels: Scatter of the size distribution for different mass bins. Galaxies are segregated according to the density where they inhabit (blue filled
circles and red filled triangles). Lower panels: Ratio between scatters of low-density and high-density region as well as their 1σ-errors (green squares). The
green dashed line show the robust mean of all the points in the distribution and its 1-σ error is plotted as a green filled area.
4.3 Mean size and dispersion for field and cluster galaxies
We have repeated the same analysis as before but for cluster
and field galaxies. Cluster and field galaxies are segregated accor-
ding to their morphology given by the Se´rsic index (as explained
in section 2.2). For each morphology, the main sample is further
divided in different mass bins, each of them containing the same
number of galaxies, as in the previous subsection. We compute the
best estimations for R(M) and σln(R)(M) using the maximum li-
kelihood method explained in section 4.1 for each mass bin.
The stellar mass-size relation for galaxies in the field and in
clusters can be seen in Figure 8. This figure shows how the ef-
fects of the environment are different depending on the morpho-
logy: late-type galaxies are on average 7.8 ± 0.6% larger in the
field than in the clusters, while early-type galaxies present a similar
trend but with smaller significance, being objects inhabiting clus-
ters slightly larger (4.0±0.8 %) than their counterparts in the field.
The dispersion of the stellar mass-size distribution is shown
in Figure 9. For late-type galaxies the mean of the ratio of scatters
among the environments is small: 0.2 ± 0.8%. Despite this, and
in agreement with our first environment characterization, low mass
used for this purpose, trimming points which lie outside the 2σ confidence
interval.
objects (M∗ < 1010M⊙) residing in the field show a stellar mass-
size distribution with larger scatter than their counterparts residing
in clusters, but there seems to be no trend for the high mass end
(M∗ > 1010M⊙).
Early-type galaxies show a trend of being more scattered on
the field that in clusters, with an average of 3.0 ± 0.9%. Again,
this trend is more pronounced for the lowest mass bins (M∗ <
2× 1010M⊙).
Numerical values for the parameters obtained and their errors
are shown in tables A3 and A4 with the corresponding 1σ-errors.
5 RESULTS
The significant increase in the number of galaxies provided by
the SDSS survey allows us to explore the stellar mass-size distri-
bution of galaxies as a function of the environment with an unpre-
cedented accuracy. The mean differences in the effect of the envi-
ronment found in our work are summarized in Table 1, while the
detailed results for each stellar mass are given in Tables A1 to A4.
Although using the top and lower 10% of our density distribu-
tion allows us to obtain high-statistics samples, it is worth studying
the impact of considering a more extreme definition of environment
in our results. Table 2 shows the same results as Table 1 but using
c© 2013 RAS, MNRAS 000, 1–17
8 Marı´a Cebria´n and Ignacio Trujillo
Figure 8. Same as Figure 6 but using samples corresponding to galaxies in clusters and in the field. The upper panels show the overall distributions for discy
and spheroid-like objects (shaded surface). Overplotted on those distributions are the mean size of the galaxies in the field (blue filled circles) and in the
cluster regions (red filled triangles). The lower panels show the ratio between sizes in the clusters and in the field as green filled squares. Errors bars represent
1σ-errors and the mean of these ratios is the green dashed line with its 1σ-error indicated with a green filled area.
Runder10%/Rover10% Rfield/Rclust σunder10%/σover10% σfield/σclust
Late-type 1.057± 0.013 1.078± 0.006 0.989± 0.016 1.002± 0.008
Early-type 1.011± 0.006 1.040± 0.008 1.04± 0.01 1.030± 0.009
Table 1. Differences in the mean size and scatter of the galaxies depending on the environment inhabited and their morphology.
the densest 5% (i.e. ρ > 1.05) and the less dense 5% of our den-
sity distribution as representative for the low and the high-density
environments respectively. On average, taking more extreme densi-
ties increases the differences both in mean sizes and scatter among
the different environments, showing an effect very similar to that
obtained using galaxy clusters. This leads us to think that the hig-
her the value of the density used, the better is the correlation with
the cluster environment. Using more relaxed conditions for defi-
ning the different environments (e.g. 10 %) can partly wash out the
possible existing trends. Despite this and in order to improve the
statistics, in the following we use the top and lower 10% of our
density distribution to segregate the different environments.
5.1 Comparison with previous works: the global stellar
mass-size relation
Shen et al. (2003) obtained the stellar mass-size relation in
the nearby Universe for both late and early-type galaxies but wit-
hout segregating the galaxies according to their surrounding den-
sity. They used a different size and mass estimation, so it is worth
comparing whether our results are in agreement with theirs. Figure
10 shows the overall stellar mass-size relation obtained in our paper
and that obtained by Shen et al. (2003) as well as the dispersion of
that distribution for both works.
Figure 10 reveals some discrepancies between the two works
in the mean sizes and the scatter. At a fixed stellar mass, the gala-
xies in our work are larger than those of Shen et al. (2003). This dif-
ference grows gradually for late-type galaxies as we move towards
higher masses, but it is constant in the case of early-type galaxies.
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Figure 9. Same as Figure 7 but using samples for galaxies in clusters and in the field. The upper panels represent the scatter of the size distribution for
different mass bins. Galaxies are segregated according to the density where they reside (blue filled circles and red filled triangles). The lower panels show the
ratio among the scatter of the galaxies in the field and in the clusters (green filled squares) as well as their 1σ-errors. The robust mean of these differences is
indicated with a green dashed line and a green filled area for its 1σ-error.
Runder5%/Rover5% Rfield/Rclust σunder5%/σover5% σfield/σclust
Late-type 1.07± 0.01 1.078± 0.006 1.01± 0.03 1.002± 0.008
Early-type 1.021 ± 0.006 1.040± 0.008 1.05± 0.01 1.030± 0.009
Table 2. Same as Table 1 but using the densest 5% and less dense 5% of the density distribution to characterize the high and low-density environments
respectively. The estimations for field and cluster galaxies are shown for comparison.
Also, the scatter in the stellar mass-size relations presents some
differences, especially for the high mass end of both morphologies
(M∗ > 1010M⊙ for late-type galaxies and M∗ > 6 × 1010M⊙
for early-type galaxies) where the differences in the scatter are
∼ 10%.
These differences between the two works can be due to se-
veral reasons. Firstly, Shen et al. (2003) used stellar masses from
Kauffmann et al. (2003), whereas our stellar masses are extrac-
ted using KCORRECT V4 1 4 (for more detail on the process see
Blanton & Roweis 2007). According to Blanton & Roweis (2007),
Kauffmann et al. (2003) overestimate the stellar masses, with diffe-
rences about ∼ 0.1 dex for stellar masses M∗ > 4×109M⊙. This
means that our masses should be a factor 1.26 smaller than tho-
se used in Shen et al. (2003). Figure 10 (upper panels) shows the
Shen et al. (2003) relation using this conversion factor of 1.26 bet-
ween Blanton & Roweis (2007) and Kauffmann et al. (2003) mas-
ses. It is clear from the plot that this correction makes both stellar
mass-size relations practically indistinguishable from each other,
except in the higher bins of mass. Nevertheless, the scatter of the
relation still shows some differences, especially at high mass. In
what follows, we suggest a potential explanation for this fact.
To explain the differences in the scatter between the
Shen et al. (2003) sample and ours, we must take into account the
size evolution of the galaxies. Since their sample spans over a wi-
der range of redshift than ours, Shen et al. (2003) include galaxies
with redshifts up to z ∼ 0.3 with a median redshift of z ∼ 0.1. It
has been previously found (Trujillo et al. 2004; Daddi et al. 2005;
Trujillo et al. 2006, 2007 and references therein) that galaxies have
suffered a strong size evolution since z ∼ 2, being larger as we
move towards the present-day Universe. The wider range of reds-
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Figure 10. Comparison between the global stellar mass-size relations by Shen at al (2003) and this work. The upper panels show the stellar mass-size relation
obtained in this work (orange filled triangles) and that obtained by Shen et. al. for late and early-type galaxies. Error bars represent the dispersion in the
relation. The lower panels show the scatter for both morphologies. Filled orange dots represent the results of this work and the dashed green and red lines those
from Shen et al (2003) and Shen et al (2003) corrected as explained in the text.
hift considered in Shen et al. (2003) potentially includes galaxies
from a wider range of epochs in their stellar mass-size relation. This
produces a bias towards more compact objects at a fixed mass, in-
creasing the resulting scatter and introducing and offset respect to
our stellar mass-size relation. We reduce this issue by restricting
our sample to galaxies within the redshift range z = 0.005− 0.12.
In their sample, the larger redshift range could translate in a wider
distribution of sizes at a given stellar mass. It is very important to
note that higher redshifts (and thus size evolution) contribute espe-
cially in their high mass end of the distributions, since lower stellar
mass galaxies at higher redshift are not detected (see Figure 3).
If our explanation is correct, we should expect that the scatter of
the Shen et al. (2003) relations were larger than ours at the highest
mass bins. This is in fact the case.
When we take these factors into account, we can see that our
results are in better qualitative agreement with those of Shen et al.
(2003). It is also worth mentioning that our sample is a factor of 2
larger than the sample used in Shen et al. (2003) and with a more
restricted redshift range, providing better statistics to our work in
our redshift range.
5.2 Comparison with previous works: Mean sizes of the
galaxies as a function of the environment
Low redshift (z < 0.3) studies have repeatedly re-
ported larger sizes for late-type galaxies residing in low-
density environments compared to high-density regions. Howe-
ver, no statistically significant trend for early-type galaxies has
been reported (e.g. Maltby et al. 2010; Valentinuzzi et al. 2010;
Ferna´ndez Lorenzo et al. 2013; Poggianti et al. 2013). In this work,
we have showed that both late and early-type galaxies present larger
sizes in the field (an average value of∼ 7.5% and∼ 3.5% respec-
tively) compared to high-density environments. Despite previous
works are qualitatively in line with the results of our work, we find
interesting to asses here the quantitative differences between them.
5.2.1 The Valentinuzzi et al (2010) and Poggianti et al (2013)
samples
Valentinuzzi et al. (2010) and Poggianti et al. (2013) used the
WINGS survey to obtain a sample of ∼ 600 cluster galaxies
in the redshift range 0.04 < z < 0.07. Both works compa-
re the sizes of this sample of cluster galaxies with sizes in the
general field at a fixed stellar mass using a Kroupa (2001) IMF.
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Valentinuzzi et al. (2010) use the local relation found by Shen et al.
(2003) (discussed in Section 5.1) as representative of field ga-
laxies in a stellar mass range similar to that used in our work
(M∗ < 4 × 1011M⊙). They find an offset between the gene-
ral relation in the field and that followed by their cluster galaxies,
the later showing smaller radii at fixed stellar mass. They claim
that this difference can be due to the offset between stellar mas-
ses in their samples, drawn from different catalogues. On the other
hand, Poggianti et al. (2013) use a similar cluster sample for gala-
xies with masses M∗ < 3 × 1011M⊙ and compare it with both a
sample extracted from PM2GC (Calvi, Poggianti & Vulcani 2011)
and the local relation by Shen et al. (2003), also finding an offset
of about 1−σ between both relations.
Figure 11 shows the results obtained by Valentinuzzi et al.
(2010) and Poggianti et al. (2013), rescaled to a Chabrier (2003)
IMF, together with the stellar mass-size relation obtained in this
work for cluster and field galaxies. Despite using almost the sa-
me sample as Valentinuzzi et al. (2010), cluster early-type gala-
xies from Poggianti et al. (2013) seem larger at a fixed stellar mass
than those from Valentinuzzi et al. (2010). The opposite trend is
found for late-type objects. This discrepancy could be due either to
the different morphological segregation between both works or the
filter in which these structural parameters were measured. While
Poggianti et al. (2013) use the Se´rsic index for segregating disk-
like and spheroid-like galaxies (n < 2.5 and n > 2.5 respec-
tively) in the B-band, Valentinuzzi et al. (2010) use MORPHOT
(Fasano et al. 2012) in V-band to classify galaxies in two groups:
S0 and ellipticals in one of them and galaxies later than S0 in the ot-
her. Using different bands for measuring structural parameters can
slightly affect the resulting sizes of the galaxies. As a rough appro-
ximation, we measure that the average difference in the effective
radius measured in z-band (used in Shen et al. 2003) and g-band is
< Reff,z −Reff,g >∼ 0.3 kpc.
Despite these differences, for both samples the cluster galaxies
are ∼ 30% smaller than the galaxies in the field. Although this is
in qualitative agreement with our work, we want to stress that diffe-
rences among environments are less evident in our data. It is worth
noting that we consider spheres of 2 Mpc radius, while the mean
aperture in Valentinuzzi et al. (2010) and Poggianti et al. (2013) is
of about ∼ 1.3 Mpc (see Varela et al. 2009 and Cava et al. 2009).
To test if the aperture can be responsible for these differences, Table
3 presents the results using different apertures. Using an aperture si-
milar to that used in Valentinuzzi et al. (2010) and Poggianti et al.
(2013) does not significantly change our results, though it increases
the errors as expected due to the lower statistics in each bin.
Table 3 also shows how the difference between the sizes in
different environments becomes larger as we reduce the searching
aperture for defining the environmental density. This result indica-
tes that the effect of the environment becomes more intense at the
innermost region of the clusters. These are the most extreme en-
vironments where the tidal effects of the other cluster members as
well as the gas pressure of the cluster can play a larger role. This is
particularly important for the late-type galaxies whereas the early-
type galaxies seem to be less affected.
5.2.2 The Fernandez-Lorenzo et al (2013) sample
Ferna´ndez Lorenzo et al. (2013) found qualitatively similar
results to Valentinuzzi et al. (2010); Poggianti et al. (2013) and
those in our work in a sample of 452 isolated galaxies with
masses M∗ < 3 × 1010M⊙ drawn from the AMIGA project
(Verdes-Montenegro et al. 2005). As in our work, stellar masses
were obtained using Chabrier (2003) IMF. The circularized radii
for the galaxies in their sample were obtained using a Se´rsic profi-
le. Again, the local stellar mass-size relation by Shen et al. (2003)
was used as a representative for the general field population. The
isolated galaxies sample was segregated according to their Se´rsic
indexes (n < 2.5 for late-type and n > 2.5 for early-type galaxies)
and fitted with the same function as in Shen et al. (2003) but leaving
the zero point of the relation as a free parameter of the fit. By com-
paring the obtained zero point with that from Shen et al. (2003),
they find that isolated early-type galaxies show the same size at a
fixed stellar mass than the overall distribution of galaxies. Late-type
galaxies, conversely, are ∼ 17% larger when isolated. This result,
although qualitatively in line with our work, is not straightforward
to compare with the results shown in our paper. As explained in
Section 3.1, fixed aperture methods are not especially sensitive in
low-density regions. This means that our sample of low-density ga-
laxies can include less isolated objects than those considered in the
AMIGA sample, leading to a difficulty when comparing the two
samples directly. Although it is beyond the scope of this paper, it
would be very interesting to asses an analogous study with environ-
ment estimators more suited to low-density regions such as that of
Ferna´ndez Lorenzo et al. (2013).
5.2.3 The Maltby et al (2010) sample
Finally, Maltby et al. (2010) carried out a similar study to
ours in the nearby Universe using 734 galaxies belonging to the
A901/902 supercluster at z ∼ 0.17. Field galaxies were extracted
from the same field of 5 × 5 Mpc from the STAGES survey but
using redshift slides placed before and after the supercluster struc-
ture. For the lower mass end in their sample (M∗ < 1010M⊙,
computed using Kroupa 2001 IMF), visually classified cluster spi-
rals show∼ 17% larger semi-major axis in the V-band than cluster
spirals, in agreement with our results for cluster galaxies within the
error bars (see Figure 8). This trend is enhanced when only co-
re spirals are selected in line with our results shown in Table 3. In
contrast, their elliptical and S0 galaxies do not show any difference.
It is worth noting that our work present several advantages
compared with previous works. On one hand, our sample is homo-
geneous and drawn from the same catalogue, which makes it self-
consistent. Potential problems of size measurement in our catalo-
gue due to sky oversubstraction (Guo et al. 2009) affect our sample
homogeneously and, henceforth, do not influence our results. This
consistency avoids biases among magnitudes extracted from diffe-
rent sets of data which often implies different methods, instruments
and tools, commonly found in the literature when comparing diffe-
rent environments. On the other hand, the size of our sample also
provides an advantage, allowing to probe a wider range of mass and
reducing the statistical errors significantly. In addition, we use two
independent methods for estimating the environment where each of
the galaxies in our sample reside. Both these methods reproduce the
same trends with similar values and errors. Finally, our main sam-
ple has been carefully selected to avoid the biases towards young
galaxies derived from a pure magnitude selection, as explained in
Section 2.1.
5.3 The scatter of the stellar mass-size relation
Figures 7 and 9 show the results obtained for the dispersion of
the stellar mass-size relation for the samples used in this work. The-
se numbers are in qualitative agreement with those of Shen et al.
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Figure 11. The stellar mass-size relation for field and cluster galaxies. The red filled triangles and blue filled dots represent the results obtained in this work for
clusters and field galaxies. The red dashed line is the local relation extracted from Shen et al (2003) and corrected as explained in Section 5.1. Green squares
and orange stars represent the results from Poggianti et al (2013) and Valentinuzzi et al (2010) with error bars showing the lower and upper quartiles of the
distribution.
Aperture Late-type Early-type
Rfield/Rclust σfield/σclust Rfield/Rclust σfield/σclust
0.5 Mpc 1.21 ± 0.03 1.04± 0.05 1.05± 0.02 1.08± 0.03
1.0 Mpc 1.13 ± 0.02 1.05± 0.02 1.05± 0.01 1.08± 0.02
1.5 Mpc 1.10 ± 0.01 1.05± 0.02 1.046± 0.008 1.04± 0.02
2.0 Mpc 1.078 ± 0.006 1.002 ± 0.008 1.040± 0.008 1.030± 0.009
Table 3. Comparison of the results obtained using different radial apertures for defining the environmental density around our galaxies. The table shows the
results for late and early-type galaxies in clusters and in the field.
(2003) (see Figure 10). However, we have measured a slightly sma-
ller scatter, probably due to evolution effects in their sample (see
Section 5.1).
Our analyses show that the environmental effect on the scat-
ter of the size distribution strongly depends on the stellar mass. At
a fixed stellar mass the scatter is higher for late-type galaxies in-
habiting overdense regions and with masses below 2 × 1010M⊙.
For masses greater than that, the scatter does not show any envi-
ronmental effect within the error bars. For early-type galaxies, the
stellar mass dependence of the scatter is weaker, but the average
effect is more pronounced: early-type galaxies in clusters or over-
densities are about ∼ 4% less scattered around the mean size than
their counterparts in the field or underdensities. Again, these results
are fully consistent between the two different methods used here to
estimate the environment where the galaxy resides.
To the best of our knowledge no previous work have quan-
tified the effect of the environment on the scatter of the stellar
mass-size relation. This new insight of our study is only possible
due to our statistically significant sample. It is worth noting that
Ferna´ndez Lorenzo et al. (2013) qualitatively mention that isolated
objects in their sample present a more tight stellar mass-size rela-
tion than their sample without environmental segregation, contrary
to our results. Nevertheless, as stated in Section 5.2, a comparison
between their work and ours is not straightforward. Also, the sma-
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ller size of their sample could lead to an underestimation of the
scatter.
6 DISCUSSION
Our work shows that both the average size and the scatter in
the stellar mass-size distribution are larger in low-density environ-
ments that in high-density regions. Those effects are stronger in
late-type galaxies than in early-type objects. Moreover, the effects
increase when we explore the innermost region of the galaxy clus-
ters. What are these trends telling us about the formation and evo-
lution of the galaxies?
Recent semi-analytical models (Shankar et al. 2013, 2014)
predict a moderate effect of the environment in the size of the
galaxies in the nearby Universe. These models typically segre-
gate the different environments based on their halo mass . Ac-
cording to the models of Shankar et al. (2013, 2014), galaxies
in more massive halos have larger sizes than galaxies with si-
milar stellar masses inhabiting less massive halos. This is due
to the larger number of mergers suffered during their history
(Shankar et al. 2013). However, the opposite trend is found obser-
vationally: late-type galaxies are slightly more compact in clus-
ters than in the field (Maltby et al. 2010; Valentinuzzi et al. 2010;
Ferna´ndez Lorenzo et al. 2013; Poggianti et al. 2013), and ellip-
tical galaxies do not show any dependence on the environment
(Maltby et al. 2010; Huertas-Company et al. 2013a,b). Our results
support this view: galaxies are larger in the field, independently of
their morphology, although early-type galaxies seem to be less sen-
sitive to the environment than disc galaxies.
Interestingly, as we move towards higher redshifts, objects lo-
cated in high-density regions start to show larger sizes (25% to
50% larger) than those placed in low-density environments. This
is shown by different works both at intermediate redshift z ∼
1: Cooper et al. (2012); Delaye et al. (2013) and Papovich et al.
(2012) (but see also Huertas-Company et al. 2013a; Rettura et al.
2010 and Raichoor et al. 2012 for different conclusions); and also
at higher redshifts (z ∼ 2, Strazzullo et al. 2013). Lani et al. (2013)
studied the environmental dependence of the size for early-type ga-
laxies in two redshift ranges (0.5 < z < 1 and 1 < z < 2).
At high redshift, they find larger early-type galaxies in dense en-
vironments than in underdense environments, consistent with the
previously mentioned studies, but the trend weakens for their lower
redshift range.
Supporting these observations, Maulbetsch et al. (2007) found
in N-body simulations that for halos in lower density regions the
average present-day aggregation rate is 4-5 times higher than for
halos in high-density regions. As we move towards higher reds-
hift, their simulations show that this difference becomes smaller
until z > 1, when the trend is reversed and higher density environ-
ments present higher accretion rates than lower density environ-
ments. This different mass accretion rate in different environments
can explain why results at high redshift differ from those in the
nearby Universe.
All the above observational and theoretical evidence points
towards a scenario in which at earlier epochs (z > 1) galaxies
in high-density regions could have undergone a faster growth than
the galaxies in less dense regions. However, in the last 7 Gyr this
growth may have slowed down in clusters, while maintained, even
increased, in the field, allowing low-density galaxies to reach simi-
lar sizes than the ones we observe in the cluster nowadays.
When comparing observational studies with simulations, it is
important to take into account the role that errors can play in the
results. Huertas-Company et al. (2013b) and Shankar et al. (2014)
investigated the possible effect that errors in masses and effecti-
ve radii can have on measuring environmental effects on the ste-
llar mass-size distribution in the nearby Universe. Both studies
indicate that the lack of environmental effects reported in pre-
vious works in early-type galaxies could be due to observational
errors in measuring both the stellar mass and the effective radius.
Huertas-Company et al. (2013b) quantify this effect claiming that
differences in sizes of ∼ 40% at a fixed stellar mass would not be
detected with significance. Although quantifying the effect of indi-
vidual galaxy errors is beyond the scope of this work, it is worth
mentioning that our approach should reduce the influence of ob-
servational errors and show any possible trend on the size of the
galaxies with the environment due to the increase in the size of the
sample. Nevertheless, and despite the improvement in the statistical
significance of our work compared to previous samples, the effect
of the environment we find is very mild and the opposite to that
predicted by Shankar et al. (2014).
In relation to the scatter in the stellar mass-size plane, it is
worth noting that the models predict a scatter in sizes at a fi-
xed stellar mass in disagreement with the tight relations found
in the data (Nipoti et al. 2009; Nair, van den Bergh & Abraham
2011; Shankar et al. 2013). The observed low values for the scat-
ter can only be reproduced by the models requiring a fine tuning
in the input scaling relations of the progenitors (Shen et al. 2003;
Shankar et al. 2014), forcing them to follow also tight scaling rela-
tions. Nipoti et al. (2012) points out that even without considering
some sources of scatter (such as that associated to the intrinsic scat-
ter of stellar to halo mass relation), the scatter found in simulations
is larger than that obtained observationally.
It is important to take into account that the value for the scat-
ter obtained in our work is an upper limit of the intrinsic scatter
of the stellar mass-size distribution. The observed scatter inclu-
des two different contributions: the intrinsic scatter of the stellar
mass-size distribution, due to the physical processes taking place
in each galaxy, and the scatter induced because of the errors in
stellar mass and size measurements. To have a hint on the scat-
ter due to observational errors, we have taken the average stellar
mass-size relations obtained in the previous sections and blurred
them by generating random points according to the typical error
values both in stellar mass and in size. Then, we evaluate the mean
size and the scatter of the distribution using our likelihood esti-
mators. Our tests show that scatter due to realistic observational
errors ( δ logM∗
logM∗
= 0.2; δRe
Re
= 0.15; Blanton & Roweis 2007;
Blanton et al. 2005b) is around < σlnR >∼ 0.20 for late-type ga-
laxies and < σlnR >∼ 0.27 for early-type galaxies. Consequently,
the intrinsic scatter of the distribution would be < σlnR >∼ 0.33
in the case of late-type galaxies and < σlnR >∼ 0.37 for early-
type galaxies. These small scatter values would make the discre-
pancy with the theoretical values even larger. Appendix B details
the tests carried out to estimate the above values.
We find that the scatter in sizes at a fixed stellar
mass is slightly smaller in clusters or overdense regions.
Nair, van den Bergh & Abraham (2011) found a similar result
when studying the luminosity-size relation. This result could be
connected with a faster evolution and formation of the galaxies in
clusters, thus involving a more homogeneous population of the ga-
laxies during the merging processes at high redshift. If our sug-
gestion is correct, the distribution of cluster galaxies in the stellar
mass-size plane would reflect a more primordial distribution of si-
zes, maybe related to progenitors with tighter scaling relations, as
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required in the models. On the contrary, galaxies in the field could
have longer evolutionary time-scales and the objects nearby them
would have more time to evolve before they merge into the central
galaxy. This could broaden the characteristics of the final objects
and therefore broaden the dispersion of the distribution in the ste-
llar mass-size plane.
In general, the influence of the environment on the distribu-
tion of sizes at fixed stellar mass is stellar mass-dependent and
seems more pronounced on low to intermediate stellar masses
(M∗ < 2 × 1010M⊙). Unfortunately, these masses are harder to
study with high statistics and only at very low redshifts can we pro-
be mass-complete samples. Thus, a greater effort to explore this
range of stellar masses at progressively higher redshifts has to be
made in order to fully characterize the effect of the environment on
the size of the galaxies. Exploring the stellar mass-size relation and
its scatter at higher redshift can also help to disentangle the effect
that merging can have on the growing of galaxies and test other
proposed mechanisms for the evolution of the stellar mass-size re-
lation such as the arrival of newcomers (see e.g. van der Wel et al.
2005; Carollo et al. 2013). We also want to stress that comparing
different samples from different works is often not straightforward.
Factors such as the IMF used, the methods for measuring structural
parameters, band in which parameters are measured or the inho-
mogeneity of the main samples can cover subtle effects or even
artificially reinforce them.
At higher redshifts the environment where the galaxies
grow leaves an imprint in the size of the galaxies with gala-
xies in clusters being 30 − 50% larger than in the field (see
Delaye et al. 2013; Lani et al. 2013; Papovich et al. 2012, but
see also Huertas-Company et al. 2013a; Rettura et al. 2010 and
Raichoor et al. 2012 for a different view). In the nearby universe,
however, the environment plays a minor role, which many current
galaxy formation models have failed to predict.
We want to end this section by pointing out the profound mys-
tery that our data present. As we have mentioned above, both the
numerical simulations and the observations at high redshift show
a significantly different evolutionary speed in clusters than in the
field. Also, the characteristics of the progenitors should be diffe-
rent depending on the environment. Despite that, in the present-day
Universe, the environmental differences in both the mean sizes and
the scatter of the galaxies are small. Why have the galaxies today
reached such similar sizes both in the clusters and in the field, when
they have followed strikingly different growth histories? This is still
an open question.
7 SUMMARY
In this work we have studied the distribution of the galaxies in
the stellar mass-size plane for a mass-complete sample of nearby
(z < 0.12) 232000 objects. We use the NYU-VAGC catalogue to
obtain a wide range of galaxies with different stellar masses located
in different environments. At fixed stellar mass, we have computed
the mean size and the scatter in the distribution using a maximum
likelihood method. This calculation has been done using two diffe-
rent estimators of the environment. On one hand, for each galaxy in
our sample, we have computed the number of galaxies with masses
above 4× 1010M⊙ within a sphere of 2 Mpc radius and taken the
total mass inside this sphere as an indicator of the surrounding den-
sity. We take the 10% of galaxies having the lower and the 10%
having the larger density values as representative samples of under-
dense and overdense zones. On the other hand, we have compiled a
large number of galaxy clusters within our redshift range and com-
pared the galaxies within 2 Mpc from the centre of the clusters with
the galaxies in the field. In both approaches, we have segregated our
samples according to their morphology based on the Se´rsic index.
Regarding the size of the galaxies at a fixed stellar mass,
we find that the galaxies are slightly larger (∼ 7.5% for late-
type galaxies and ∼ 3.5% for early-type galaxies) in less dense
environments than in high-density regions. Our result is statisti-
cally significant for both late and early-type galaxies and widely
consistent among the two methods used to characterize the envi-
ronment. Qualitative similar results have been previously found
for late-type galaxies in several works in a comparable redshift
range (Poggianti et al. 2013; Ferna´ndez Lorenzo et al. 2013 and
Maltby et al. 2010).
Our work, however, is the first to claim that, on average, early-
type galaxies in low-density environments are about∼ 3.5% larger
than in clusters with high statistical significance (> 4σ). This re-
sult have not been found in previous works (Maltby et al. 2010;
Huertas-Company et al. 2013b; Ferna´ndez Lorenzo et al. 2013),
probably because the effect is subtle and requires a large sample to
unveil this environmental effect. Poggianti et al. (2013) found qua-
litatively the same trend but with low significance due to the lower
number of galaxies in their sample (a factor of ∼ 40 smaller).
The scatter of the stellar mass-size distribution has also been
explored in this work. Our results show that the environment does
not change significantly the scatter of the overall distribution. Ne-
vertheless, there is a hint of the distribution having less scatter
in high-density regions, especially for early-type galaxies and for
late-type galaxies with masses below 2 × 1010M⊙. We also con-
firm previous observational values for the scatter of the overall ste-
llar mass-size relation such as those from Shen et al. (2003) and
Nair, van den Bergh & Abraham (2011).
Taken together, our results point towards an earlier evolution
of galaxies in clusters from a more constrained family of proge-
nitors. This evolution may have slowed down in the past few Gyr
allowing objects in less dense environments to reach similar sizes
to those located in high-density regions. This different evolutionary
speed between galaxies in clusters and in the field could have lead
to the weak correlation between environment and mean sizes at a
fixed stellar mass observed in the present-day Universe.
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APPENDIX A: NUMERICAL VALUES FOR MEANS AND
DISPERSIONS OF THE STELLAR MASS-SIZE
RELATIONS OF THIS WORK
APPENDIX B: INFLUENCE OF OBSERVATIONAL
ERRORS IN THE OBSERVED SCATTER
To have a hint of the effect of the observational errors on the observed
scatter of the stellar mass-size relations (see Section 6), we conduct a simple
experiment using the mean sizes at a fixed stellar mass obtained in Section
4 for the whole sample. We consider that the errors on the measurements of
the stellar mass ( δ logM∗
logM∗
) and sizes ( δRe
Re
) of the galaxies are gaussianly
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Mass All Underdense Overdense All 10 % Underdense 10 % Overdense
(×1010M⊙) Re (kpc) Re (kpc) Re (kpc) σln(Re) σln(Re) σln(Re)
0.2 1.71± 0.02 1.66± 0.05 1.71± 0.05 0.490 ± 0.005 0.517± 0.01 0.421± 0.02
0.4 2.09± 0.01 2.09± 0.05 1.90± 0.04 0.457 ± 0.005 0.457± 0.01 0.394± 0.01
0.7 2.33± 0.02 2.33± 0.05 2.09± 0.04 0.454 ± 0.004 0.475± 0.01 0.403± 0.01
1.0 2.52± 0.01 2.52± 0.04 2.28± 0.06 0.436 ± 0.004 0.439± 0.01 0.421± 0.01
1.3 2.76± 0.03 2.80± 0.05 2.52± 0.06 0.427 ± 0.005 0.442± 0.01 0.385± 0.01
1.6 2.85± 0.02 2.90± 0.05 2.66± 0.06 0.406 ± 0.004 0.397 ± 0.010 0.400± 0.01
1.9 3.04± 0.02 2.99± 0.05 2.80± 0.06 0.394 ± 0.004 0.391± 0.01 0.391± 0.01
2.2 3.18± 0.03 3.18± 0.05 2.95± 0.06 0.388 ± 0.004 0.391± 0.01 0.373± 0.01
2.5 3.33± 0.03 3.28± 0.06 3.18± 0.06 0.379 ± 0.004 0.388 ± 0.010 0.370± 0.01
2.9 3.52± 0.03 3.52± 0.05 3.37± 0.06 0.358 ± 0.003 0.352 ± 0.010 0.355± 0.01
3.3 3.66± 0.04 3.61± 0.05 3.52± 0.07 0.355 ± 0.004 0.358 ± 0.009 0.361± 0.01
3.8 3.85± 0.02 3.85± 0.06 3.71± 0.05 0.346 ± 0.004 0.346 ± 0.009 0.361 ± 0.010
4.3 4.04± 0.03 4.04± 0.05 3.90± 0.06 0.340 ± 0.004 0.322 ± 0.008 0.355± 0.01
5.3 4.28± 0.02 4.28± 0.07 4.09± 0.06 0.334 ± 0.003 0.325 ± 0.009 0.334 ± 0.009
7.5 4.85± 0.02 4.85± 0.06 4.89± 0.07 0.310 ± 0.003 0.313 ± 0.009 0.337± 0.01
Table A1. The mean effective radii and the scatter of the effective radii for late-type galaxies (n < 2.5) when using the mass density around the galaxies as
an environment indicator.
Mass All Underdense Overdense All 10 % Underdense 10 % Overdense
(×1010M⊙) Re (kpc) Re (kpc) Re (kpc) σln(Re) σln(Re) σln(Re)
0.9 1.38± 0.01 1.33± 0.04 1.38± 0.03 0.487 ± 0.004 0.478± 0.01 0.466 ± 0.010
1.6 1.76± 0.02 1.76± 0.03 1.76± 0.03 0.463 ± 0.004 0.481± 0.01 0.436 ± 0.009
2.1 2.00± 0.03 2.00± 0.04 1.95± 0.04 0.457 ± 0.003 0.457± 0.01 0.442 ± 0.009
2.6 2.23± 0.02 2.19± 0.03 2.14± 0.04 0.448 ± 0.004 0.448± 0.01 0.427 ± 0.010
3.0 2.42± 0.01 2.47± 0.04 2.38± 0.05 0.439 ± 0.003 0.454 ± 0.010 0.421 ± 0.008
3.4 2.66± 0.03 2.61± 0.04 2.57± 0.04 0.436 ± 0.004 0.427 ± 0.009 0.421 ± 0.009
3.8 2.80± 0.03 2.76± 0.06 2.71± 0.04 0.421 ± 0.004 0.454± 0.01 0.397 ± 0.008
4.2 2.99± 0.03 2.99± 0.04 2.95± 0.05 0.409 ± 0.003 0.403 ± 0.009 0.397 ± 0.008
4.7 3.23± 0.03 3.23± 0.05 3.18± 0.05 0.406 ± 0.003 0.418 ± 0.009 0.388 ± 0.008
5.2 3.42± 0.03 3.37± 0.06 3.37± 0.05 0.388 ± 0.003 0.397 ± 0.010 0.391 ± 0.008
5.9 3.71± 0.01 3.71± 0.06 3.61± 0.04 0.379 ± 0.003 0.379 ± 0.008 0.379 ± 0.008
6.8 4.04± 0.02 4.04± 0.06 4.04± 0.05 0.364 ± 0.003 0.382 ± 0.009 0.367 ± 0.007
7.9 4.42± 0.02 4.32± 0.07 4.42± 0.05 0.352 ± 0.003 0.355 ± 0.008 0.352 ± 0.007
9.8 5.04± 0.02 4.99± 0.07 5.08± 0.06 0.328 ± 0.003 0.355 ± 0.009 0.325 ± 0.007
14.5 6.51± 0.04 6.41± 0.09 6.84± 0.05 0.316 ± 0.002 0.322 ± 0.009 0.322 ± 0.005
Table A2. Same as Table A1 but for early-type galaxies (n > 2.5).
Mass All Field Clusters All Field Clusters
(×1010M⊙) Re (kpc) Re (kpc) Re (kpc) σln(Re) σln(Re) σln(Re)
0.2 1.71± 0.02 1.71± 0.02 1.66 ± 0.06 0.490 ± 0.005 0.493± 0.005 0.433± 0.02
0.4 2.09± 0.01 2.09± 0.03 1.81 ± 0.05 0.457 ± 0.005 0.460± 0.005 0.385± 0.01
0.7 2.33± 0.02 2.33± 0.02 2.09 ± 0.05 0.454 ± 0.004 0.454± 0.005 0.415± 0.01
1.0 2.52± 0.01 2.52± 0.02 2.28 ± 0.06 0.436 ± 0.004 0.439± 0.005 0.385± 0.02
1.3 2.76± 0.03 2.76± 0.02 2.52 ± 0.06 0.427 ± 0.005 0.427± 0.005 0.418± 0.02
1.6 2.85± 0.02 2.85± 0.04 2.66 ± 0.06 0.406 ± 0.004 0.406± 0.004 0.406± 0.02
1.9 3.04± 0.02 3.04± 0.02 2.80 ± 0.07 0.394 ± 0.004 0.394± 0.004 0.379± 0.01
2.2 3.18± 0.03 3.18± 0.02 2.95 ± 0.08 0.388 ± 0.004 0.385± 0.004 0.400± 0.02
2.5 3.33± 0.03 3.37± 0.03 3.09 ± 0.07 0.379 ± 0.004 0.379± 0.004 0.379± 0.02
2.9 3.52± 0.03 3.52± 0.02 3.33 ± 0.08 0.358 ± 0.003 0.358± 0.003 0.358± 0.02
3.3 3.66± 0.04 3.71± 0.03 3.37 ± 0.08 0.355 ± 0.004 0.355± 0.004 0.355± 0.02
3.8 3.85± 0.02 3.85± 0.03 3.52± 0.1 0.346 ± 0.004 0.343± 0.003 0.424± 0.02
4.3 4.04± 0.03 4.04± 0.02 3.80 ± 0.09 0.340 ± 0.004 0.340± 0.004 0.343± 0.02
5.3 4.28± 0.02 4.28± 0.02 4.13 ± 0.10 0.334 ± 0.003 0.334± 0.003 0.334± 0.01
7.5 4.85± 0.02 4.85± 0.02 4.80± 0.1 0.310 ± 0.003 0.307± 0.004 0.355± 0.02
Table A3. The mean effective radii and the scatter of the effective radii for late-type galaxies (n < 2.5) depending whether they inhabit a galaxy cluster or
not.
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Mass All Field Clusters All Field Clusters
(×1010M⊙) Re (kpc) Re (kpc) Re (kpc) σln(Re) σln(Re) σln(Re)
0.9 1.38± 0.01 1.38± 0.01 1.43± 0.02 0.487± 0.004 0.493± 0.004 0.424± 0.01
1.6 1.76± 0.02 1.76± 0.03 1.71± 0.04 0.463± 0.004 0.463± 0.004 0.442± 0.01
2.1 2.00± 0.03 2.04± 0.03 1.90± 0.04 0.457± 0.003 0.460± 0.003 0.415± 0.01
2.6 2.23± 0.02 2.23± 0.02 2.19± 0.05 0.448± 0.004 0.451± 0.004 0.433± 0.01
3.0 2.42± 0.01 2.42± 0.01 2.33± 0.05 0.439± 0.003 0.439± 0.003 0.436± 0.01
3.4 2.66± 0.03 2.66± 0.03 2.57± 0.05 0.436± 0.004 0.436± 0.003 0.427± 0.01
3.8 2.80± 0.03 2.80± 0.02 2.66± 0.04 0.421± 0.004 0.421± 0.003 0.385± 0.01
4.2 2.99± 0.03 2.99± 0.03 2.85± 0.06 0.409± 0.003 0.409± 0.003 0.382± 0.01
4.7 3.23± 0.03 3.23± 0.03 3.09± 0.06 0.406± 0.003 0.406± 0.003 0.403± 0.01
5.2 3.42± 0.03 3.47± 0.03 3.28± 0.06 0.388± 0.003 0.388± 0.004 0.367± 0.01
5.9 3.71± 0.01 3.71± 0.02 3.61± 0.05 0.379± 0.003 0.379± 0.003 0.370± 0.01
6.8 4.04± 0.02 4.04± 0.01 3.85± 0.08 0.364± 0.003 0.361± 0.004 0.388± 0.01
7.9 4.42± 0.02 4.42± 0.02 4.37± 0.07 0.352± 0.003 0.352± 0.003 0.352± 0.01
9.8 5.04± 0.02 5.04± 0.03 4.94± 0.08 0.328± 0.003 0.328± 0.004 0.322 ± 0.010
14.5 6.51± 0.04 6.51± 0.03 6.89± 0.09 0.316± 0.002 0.313± 0.004 0.331 ± 0.008
Table A4. Same as Table A3 but for early-type galaxies.
distributed. The different errors used (optimistic, realistic, pessimistic sce-
narios) are:
δ logM∗
logM∗
= 0.1, 0.2, 0.25 (B1)
δRe
Re
= 0.10, 0.15, 0.20 (B2)
We generate 5000 random mock galaxies following the gaussian dis-
tributions given by the errors with the mean in stellar mass and size co-
rresponding to the measured values. On doing this, we simulate the scatter
around the stellar mass-size relation produced by the observational errors
for both late and early-type galaxies in the clusters, in the field and in the
whole sample. Finally, we apply the maximum likelihood method detailed
in Section 4.1 to the mock samples. This allows us to obtain the scatter va-
lues corresponding to a sample only dominated by errors. It is worth noting
that, since the mean size and stellar mass values are an input to create the
mock sample, we recover the same values as an output of the likelihood
analysis.
Figure B1 shows the resulting distribution and the measured scatter
for different error values, both in stellar mass and in size, as well as the ob-
served and intrinsic scatter (i.e. the corrected value accounting for the error
simulation) for different values of the observational errors. It is interesting
to note how at higher stellar masses the observed scatter becomes domina-
ted by errors in the second and third cases (middle and lower panels). In
fact, Figure B1 shows a larger scatter in the pessimistic scenario for high
stellar masses than that observed in this work, probably because the assu-
med errors in this simulation is larger than the errors in our sample.
This paper has been typeset from a TEX/ LATEX file prepared by the
author.
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Figure B1. Simulated stellar mass-size distribution and scatter using three different scenarios for the error in stellar mass and the error in the effective radius.
Upper panels for each case show the distribution (shaded surface) and the stellar mass-size relation used to generate it (blue filled dots). Lower panels compare
the observed scatter in the relation (blue triangles) and the scatter when only the errors have been taken into account (black filled dots). The resulting ’intrinsic’
scatter is shown as filled dark-orange squares.
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